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FLEXIBLE SHAFT DRIVEN ROTARY 
CONTROL VALVE 

TECHNICAL FIELD 

The invention relates to the ?eld of controls and particu 
larly to rotary mechanical control of valves and other 
moving control parts; more particularly, it relates to method 
and apparatus for a ?exible shaft driven rotary control valve. 

BACKGROUND OF THE INVENTION 

The manufacture, supply, and servicing of radio 
controlled (R/C) aircraft is estimated to be a multi-million 
dollar industry in the United States. Itadio transmitters and 
radio control technology have developed as might be 
expected in an age of rapid electronic technological groWth, 
yet conventional bellcrank and pushrod linkages are still 
universally employed in the actuation of R/C engine 
throttles and other control surfaces. The use of such linkages 
is Well knoWn to result in intermittent and unpredictable 
binding of controls, leading to partial or total loss of control 
of the aircraft. They also usually result in loss of range of 
motion or in lost motion in the controls, leading to lack or 
loss of precision in control and in lack of precise handling. 
These same conventional linkages also result in sloW and 
laborious processes for the disconnection, and particularly in 
reconnection (and necessarily ?nicky and painstaking read 
justment of the linkages) of engines Which must be removed 
for maintenance or repair. Similar problems are encountered 
in the control of throttles on gasoline-poWered laWn moWers 
and other laWn and garden equipment (the market for Which 
is estimated to equal or exceed that of R/C aircraft) and the 
like. What is needed is a remote control throttle, and in 
particular a control linkage, Which overcomes these dif? 
culties. 

Rotary cables are knoWn for providing poWer and motion 
transmission in general, such as for motor governors, and 
speedometers; hoWever these systems are not knoWn for use 
in control applications, Where torsional stress can be more 
critical. PoWer transmission usage of such cables is typically 
one directional (or if bidirectional, it is still generally 
continuous and only alternately changes direction). In these 
conventional applications, strain in the rotary cable is 
“Wound up” or taken up essentially only once for each duty 
cycle, especially if the rotational speed during the cycle does 
not vary much. 

But in control applications, both speed (or lack thereof, as 
in no motion at all) and direction of rotation are varied 
constantly, and the sensitivity and precision losses due to 
strain Wind up or take up can be huge in cables otherWise 
acceptable in poWer or motion transmission. A rotary cable 
for a control system then must partake of the qualities of a 
?exible shaft, having in particular a substantial torsional 
strain resistance. 

Other proposed control systems cannot endure physical 
displacement, especially lateral displacement, Without 
changing and affecting the control settings. For example, in 
a push pull (cable) connection, moving or bending the slack 
cable or coax has a direct and immediate impact on the 
control surface to Which it is attached. The same is substan 
tially true for bellcrank and pushrod systems. 

DISCLOSURE OF THE INVENTION 

Accordingly, it is an object of the invention to provide a 
remote control throttle resistant if not immune to control 
binding, having insigni?cant loss of range of motion and no 
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2 
lost motion in the controls, and Which facilitates ready 
disconnection and reconnection of engines Which must be 
removed for maintenance or repair. 

It is a further object of the invention to provide a control 
linkage resistant if not immune to control binding, having 
insigni?cant loss of range of motion and no lost motion in 
the controls, and Which facilitates ready disconnection and 
reconnection of engines Which must be removed for main 
tenance or repair. 

It is another object of the invention to provide a control 
linkage that can abide physical displacement, especially 
lateral displacement, Without changing and affecting the 
control settings. 

It is yet another object of the invention to meet any or all 
of the needs summariZed above. 

These and such other objects of the invention as Will 
become evident from the disclosure beloW are met by the 
invention disclosed herein. 
The invention addresses and provides such a system. The 

invention represents the ?rst and only system for remote 
aircraft throttle control that can facilitate removal and 
replacement of an engine, With full range of control restored 
at the same level of precision as previously adjusted, and all 
in a matter of minutes. It also provides simple and relatively 
quick setting and adjustment of remote control settings to go 
from full throttle to full cut off reliably and repeatably. 
The invention presents in one aspect a rotary control 

apparatus, such as a rotary control valve, like the throttle 
mechanism of a carburetor, having a control linkage, the 
linkage comprising a ?exible shaft, the shaft operably con 
nected to a rotatable control member, such as the throttle 
plate shaft, of the control apparatus for preferably intermit 
tent co-rotation of the shaft and control member. In an 
alternate aspect it presents a control linkage for a rotary 
control apparatus, the linkage comprising a ?exible shaft, 
the shaft operably connected to a rotatable control member 
of the control apparatus for co-rotation of the shaft and 
member. The ?exible shaft is preferably a tWistable ?exible 
shaft (taht is, it is tWistable Within its ?exure, the torsion not 
tending appreciably to straighten or recurve the shaft) and 
has a housing, With the housing operably restrained to resist 
tWisting. The housing itself is also preferably ?exible, and 
the shaft and housing are preferably coaxial to one another, 
and may be employed in the form of a coaxial cable. 
The control member to Which the ?exible shaft is attached 

may also advantageously be a carburetor choke plate shaft, 
or the shaft of some aircraft control surface, such as an 
elevator or aileron control horn shaft. In the latter 
employment, it Will generally not be necessary that the 
?exible shaft be coaxial With the control horn shaft, but may 
advantageously be connected to the control horn near the 
shaft so that rotation of the ?exible shaft Will impart a 
moment of torque to the horn, as Will be appreciated by those 
skilled in the art, and thereby effect some rotational input to 
the control surface Without the need for pushrods, 
bellcranks, and the like, and all the dif?culties attendant on 
their use as discussed above. The ?exible shaft is preferably 
motor driven, such as by a conventional servomotor, Which 
may advantageously be disposed remotely from the control 
valve or control surface. In preferred applications, it is not 
necessary for the servomotor output shaft and the axis of 
rotation of the control member to be in line. Preferred 
motors are radio controlled (R/C). 

In alternate embodiments of the invention, the control 
member may be a throttle or choke plate shaft or fuel 
injection throttle plate shaft, and the invention may advan 
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tageously be employed on garden and lawn equipment such 
as lawn mowers and the like, or on sports vehicles such as 
snowmobiles, and in place of a motor drive for the ?exible 
shaft, a simple lever or Wheel is employed at a location on 
the equipment remote from the control member, such as on 
a handle or frame of the equipment, to impart precise rotary 
control motion to the shaft and thus to the control member. 

In another aspect, a radio controlled (R/ C) aircraft throttle 
is presented With an aircraft throttle valve modi?ed to 
receive and engage a ?rst shaft connector attached to the 
throttle shaft of the valve, and With a radio controlled servo 
motor modi?ed to receive and engage a second shaft con 
nector attached to the output shaft of the motor, and also 
With a ?exible shaft and housing. The shaft is connectable 
betWeen the ?rst and second connectors, and the shaft is 
rotatably supported and restrained Within the housing. In 
preferred embodiments, the servomotor is remote and not 
inline With respect to an axis of rotation of the throttle shaft, 
and is optimally separated from the throttle valve by at least 
one bulkhead, or ?reWall. A ground based conventional R/C 
transmitter sends control signals to a receiver operably 
associated With the servomotor to remotely control the 
servomotor, and thus the throttle, from the ground. 

In a third aspect, a method for remote radio control of an 
aircraft throttle is presented. In this aspect, control of the 
aircraft throttle is substantially impervious to linkage bend 
ing effects. The method is also useful for aircraft center of 
gravity and balance control. The principal preferred steps of 
the method are, connecting an aircraft throttle shaft to a 
radio controlled servomotor output shaft With a ?exible 
shaft, Wherein the throttle and servo motor are remotely 
disposed Within the aircraft With respect to each other, and 
directing a radio control signal from a control unit to the 
servomotor. Center of gravity control is effected in the 
method by variable disposition of the servo motor to effect 
a change in aircraft center of gravity. In this method the 
servo motor is also better protected from vibration and radio 
interference from the aircraft engine. 

The invention is thus apparatus and method for remote 
rotational control of various equipment by means of a 
coaxially disposed ?exible shaft, such as a torsion-cable, and 
housing or tube combination. One particular application of 
the invention is the remote, servo-activated rotational con 
trol of throttles for radio-controlled aircraft. In radio 
controlled aircraft applications, rotational activation of the 
servo output shaft causes the relatively smaller tWist or 
torsion cable, and therefore the throttle plate, to rotate and 
thereby to adjust the ?oW of fuel and air mixture through the 
carburetor and into the engine. It also provides a method and 
apparatus for the ?exible, coaxial, rotational, servo actuated 
shaft control of aircraft throttles alloWing selective location 
of the control servo Within the aircraft and accommodating 
use of intermediate ?reWalls or other structure, all With 
appurtenant consequences for aircraft center of gravity 
control/control mechanism protection as disclosed herein. 

Use of the ?exible shaft and housing as a control linkage 
gives the control connection a number of important 
advantages, including the abilities to (1) control a throttle or 
other piece of equipment at a distance remote from the 
location of the servo or other actuator, Without the range of 
motion losses or similar problems associated With conven 
tional throttle linkages; to (2) alloW remote control of 
throttles or other equipment Without the requirement of 
careful alignment of the servo or other actuator and/or other 
conventional rod and crank linkages With the throttle or 
other control, thereby increasing design possibilities and 
permitting the rapid disconnection and/or replacement of the 
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4 
various components of the controlled system; and to (3) 
control throttles or other equipment by means of servos or 
other rotational actuators stored or otherWise located in 
remote, even sealed, areas or compartments separate from 
the areas or compartments containing the throttle or other 
equipment. Aside from the radio-controlled aircraft appli 
cations already mentioned, it is envisioned that rotational 
linkages may be advantageously employed on laWn moWers 
and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic and partial sectional vieW of a 
preferred embodiment of the invention. 

FIG. 2 is an alternate schematic of the invention. 

FIG. 3 is an alternate schematic of the invention. 

FIG. 4 is a sectional vieW of an aspect of the invention. 

FIG. 5 is a sectional vieW of another aspect of the 
invention. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

Turning noW to the draWings, the invention Will be 
described in a preferred embodiment by reference to the 
numerals of the draWing ?gures Wherein like numbers 
indicate like parts. 

FIG. 1 is a diagrammatic schematic vieW of a general 
embodiment of the invention. Ground R/C transmitter 5 
sends control signals to receiver 4 Which is operably con 
nected to servo 1. Output shaft 2 of servo 1 is connected to 
?exible shaft 10 by collet 13. Collet 13 is machined from a 
good grade of brass to have a threaded shaft 44 (see FIG. 4) 
Which screWs into specially threaded bore 43 machined or 
drilled into the end of output shaft 2. Collet 13 also has a 
bore 42 to receive shaft 10 and a set screW 41 to hold shaft 
10 in bore 42. Flexible shaft 10 is preferably a stranded Wire 
cable of the Wire Wrapped variety, having good to excellent 
torsional strain resistance, and medium to high ?exibility, 
and brass is also preferred. All set screWs and threaded shaft 
44 are ?xed With adhesive in their respective mounted 
positions. Loctite® brand thread adhesive is preferred. 

Flexible shaft or cable 10 is supported and restrained from 
excessive ?exure and from lateral movement Within housing 
11. Housing 11 is preferably a length of Te?on® brand 
tubing, Where the loW friction housing facilitates easy turn 
ing of shaft 10 Within the housing. Housing 11 and shaft 10 
pass through bulkhead 30 (optional) and ?reWall 31 on the 
Way to the control member (not shoWn). The control mem 
ber can be an aircraft engine carburetor throttle plate shaft, 
or the like, or any other control member requiring rotary 
input. Optionally, housing 11 is further supported and pro 
tected as it passes through bulkhead 30 or ?reWall 31 by 
running Within rigid tubing 12. Tubing 12 is preferably a 
common grade of aluminum tubing. 
The other end of shaft 10 then is held by set screW 41 in 

collet 14 (see FIG. 5), a similarly machined part to collet 13, 
except that it is not threaded, but rather accepts Within bore 
45 shaft 20 (With slight ?at 47) of throttle 25 or the like, 
Which is then held by a loctited set screW 46. Housing 11 and 
cable 10 are free to run Wherever function dictates in the set 
up of the machinery being controlled; they do not have any 
requirement of being straight or “in line”. 

Particular use of the invention for the remote servo 
control of an aircraft throttle is illustrated in FIG. 2. Servo 
1 is conventionally mounted in a compartment of an aircraft 
fuselage 33, With servo output shaft 2, in preferred 
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embodiments, free to be oriented in any direction relative to 
axis 3 of throttle plate shaft 20. For example it may actually 
be normal to axis 3. Relatively smaller diameter ?exible 
shaft 10 is connected to servo output shaft 2 and to throttle 
plate shaft 20 of (schematically illustrated) throttle 25 by 
connectors 13 and 14 respectively, Which in preferred 
embodiments are specially milled threaded collets. Rela 
tively larger diameter ?exible housing 11 is disposed about, 
and for most of its length preferably completely 
encompasses, ?exible shaft 10. Housing 11 may be attached 
to, or alternatively pass through, bulkhead 30 and ?reWall 31 
intervening betWeen servo 1 and throttle 25. The restraining 
action of housing 11 on shaft 10 may be increased by 
mounting housing 11 to fuselage 33 or other relatively rigid 
structure at any of the various intervening points. 

Flexible shaft 10 and housing 11 are preferably siZed so 
as to alloW shaft 10 to be rotatably supported inside housing 
11, even When shaft 10 is disposed in something other than 
a straight line, or even in a complete loop. For example, it 
may be seen in FIG. 2 that shaft 10 and housing 11 loop 
completely in compartment 32 intervening betWeen bulk 
head 30 and ?reWall 31 Without interfering With the perfor 
mance of the control function of the ?exible shaft. 

In FIG. 3 an alternate embodiment is illustrated. The 
invention does not alWays require a motor or servo to 
provide the rotary input to shaft 10. It can advantageously be 
provided by lever 22 turning connector 15 Which is attached 
to shaft 10 and rotatably mounted in bracket 26 Which is 
attached to frame 34 (not shoWn) of the controlled machin 
ery. Shaft 10 and housing 11 pass along frame 34 through 
guide 27 Which can alternatively be a bracket or U clamp. 
Shaft 10 then terminates in a second connector 15 Which (as 
illustrated) is attached to shaft 20 of throttle 25. This 
schematic is particularly Well adapted to use on a laWn 
moWer, With frame 34 being the push handle of the moWer. 

The invention also presents specially modi?ed servo 1 
(FIG. 4) and throttle 25 (FIG. 5). Servo 1 and throttle 25 are 
modi?ed as shoWn and described above to specially interact 
With a rotary ?exible shaft control linkage, and as such are 
believed to be unique. 

The invention may readily be installed into a conventional 
R/C aircraft for throttle control in the folloWing manner. The 
throttle horn is ?rst removed from the throttle shaft. A rotary 
stone cutting Wheel on a motoriZed rotary tool like a 
Dremel® has been found to Work Well. Then a ?at is ?led on 
the shaft as a seat for the set screW in collet 13. In the 
fuselage, appropriate holes are drilled in ?reWall and option 
ally in another bulkhead for locating servo 1, and for passage 
of housing 11 therethrough. The threaded end of collet 13 is 
joined to the threaded opening on the end of servo output 
shaft 2 and held in place With Loctite. Optional aluminum 
tubing pieces 12 are run through ?reWall and bulkhead 
openings just drilled, With the tubes pointing generally 
toWard the carburetor and servo, respectively. Housing 11 is 
then run through tubes 12 to run to just before (preferably 
about one inch) the carburetor and just before the servo. Any 
excess is removed. Flexible shaft 10 is then inserted into 
housing 11 from the carburetor end, and engaged Within the 
servo collet and set screWed and loctited. The cable should 
not be able to turn in the collet. Excess cable 10 is then cut 
off at the carburetor so that it bottoms out in the throttle shaft 
collet exactly. This set screW is not tightened at this time. 

Then at the R/ C transmitter, the servo is centered With the 
radio throttle control lever on the transmitter. Throttle travel 
trims at the transmitter are adjusted electronically to about 
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6 
50% high and loW. The radio throttle lever is then set to the 
middle of its throW. At the carburetor, the throttle shaft and 
throttle plate are manually set to about 50% open, and the set 
screW on this end is then tightened and loctited. This part of 
the procedure may readily and quickly be repeated Whenever 
the linkage is reconnected, as in engine reinstallation. 

Once again at the transmitter, high and loW throttle 
settings are adjusted to full throW. At the carburetor, the idle 
screW is backed off entirely, and the loW setting on the 
throttle is adjusted so the throttle is completely closed. There 
should be no apparent ?exing or pre load at the top or bottom 
of the throttle range When it is adjusted properly as 
instructed herein. The aluminum tube 12 and housing 11 
may noW be optionally secured, such as by brackets or 
gluing, to the fuselage or bulkhead(s). 
With regard to systems and components above referred to, 

but not otherWise speci?ed or described in detail herein, the 
Workings and speci?cations of such systems and compo 
nents and the manner in Which they may be made or 
assembled or used, both cooperatively With each other and 
With the other elements of the invention described herein to 
effect the purposes herein disclosed, are all believed to be 
Well Within the knoWledge of those skilled in the art. No 
concerted attempt to repeat here What is generally knoWn to 
the artisan has therefore been made. 

In compliance With the statute, the invention has been 
described in language more or less speci?c as to structural 
features. It is to be understood, hoWever, that the invention 
is not limited to the speci?c features shoWn, since the means 
and construction shoWn comprise preferred forms of putting 
the invention into effect. The invention is, therefore, claimed 
in any of its forms or modi?cations Within the legitimate and 
valid scope of the appended claims, appropriately inter 
preted in accordance With the doctrine of equivalents. 

I claim: 
1. A radio controlled aircraft throttle comprising: an 

aircraft throttle valve modi?ed to further comprise a ?rst 
shaft connector attached to a throttle shaft of the valve, a 
radio controlled servomotor modi?ed to further comprise a 
second shaft connector attached to an output shaft of the 
motor, and a ?exible shaft and housing, the shaft connect 
able betWeen the ?rst and second connectors for co-rotation 
of motor output shaft, ?exible shaft and throttle shaft, the 
shaft rotatably mounted Within the housing. 

2. The radio controlled aircraft throttle of claim 1 Wherein 
the servomotor is remote and not inline With respect to any 
axis of rotation of the throttle shaft. 

3. The radio controlled aircraft throttle of claim 1 Wherein 
servo and throttle are separated by at least one bulkhead. 

4. Amethod for remote radio control of an aircraft throttle 
and for aircraft center of gravity and balance control, the 
method comprising: 

a. co-rotatably connecting an aircraft throttle shaft to a 
radio controlled servo motor output shaft With a ?exible 
shaft, Wherein the throttle and servo motor are remotely 
disposed Within the aircraft With respect to each other; 

b. directing a radio control signal from a control unit to the 
servo motor; Whereby center of gravity control is 
effected by variable disposition of the servo motor to 
effect a change in aircraft center of gravity, and 
Whereby the servo motor is someWhat protected from 
vibration and radio interference from the aircraft 
engine. 


